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FACTORS  Af’i’i  C.TJNG  Tilt!  I  I'VE  I.  OP  INm'.TIVUV  Of  I,".-*.  Of  VENEZUELAN 
P.QUIN'L  rxa.i-HALOMVr  :.HiS  ( Vi.r.:j  VIRUS 

A.  S  A^abnitjan,  L.  K.  M'listnKh,  F  !.  Ersh-iv 

i . 

in  Ihis  w<n;..  RNA  ti  VEE  virus  isoinh'fi  irorn  virir.n.  -> rid  fr  m  infcc'tti  rolls  was  i  '■ 
studied.  in.  ii  fiar.imeters  for  detection  <•!  wavnum  ;;*  *  iv :  •  \  oi  prcp.irv.i.'ny  of  vira'  i  • 

RNA? were  <!•  i*  rtnined  It  was  shown  that  ,1:1;  .i,r;  ti„.  |V  mVs  .jo'emiimii!.*  Jh«'  icvcl  /  '  • 

of  RNA  infect. ■  rv  Cur.sirf.'.r.ihie  i~:”.'r:.:ri-.'e  r  i' ■  * i l; ■  ■  o  i ,  ..  time  .si  h‘ X  \  irptien  r>:i /  /  : 

celis,  conceriir.il,  u  .nr!  .Jurutinn  >.-i  ;r..  t  intent  n,  cun.  Nr'.;  n<  well  ,.s  ..lic-'r-'i  t  jjt 
the  ai.vr  omi.-v  of  nci.-c,  n  rir.  i Dl. AOtirMr-n.  ,>y.  :  .;:,:.:tu  St.ihOtv  ii  f'YV/, 

prop.iirti.'.ns  u |  ii  pud  their  inermuf  taomtv  Mere  «iu.:..-1,  Aii  the  o.i; »  .  bta.ite:!  **> 

per, -nit  to  recommend  optimal  conditions  lor  detection  of  infectious  activity  of  VEf 

virus  RNA. 


FACT0R3  AFFECTING  THE  INFZCTIVITY  LEVEL  CF  RNA 
OF  VENEZUELAN  EQUINE  EiCErAWLCMYNLITIS  VIRUS 


[Paper  by  A,  S,  A^abalyan,  L,  K,  Ker’shikh  and  F.  I,  Yershov,  Institute  of 
Virology  imeni  D.  I,  Ivanovskiy,  USSR  Academy  of  Medical  Sciences,  Moscow; 

JZ^gaSiSSlU  ( Problems  of  Virology),  No,  5  (?)197l,  pp,  527-532.  Re¬ 
ceived  by  editors  13  July  1970], 

[RNA  of  the  Venezuelan  equine  encephalomyelitis  (VEE)  virus,  iso¬ 
lated  from  virions  and  infected  ceils  was  studied,  and  the  main 
parameters  for  detection  of  maximal  infectivity  of  the  viral  RNA 
w®r®  determined.  It  was  3hcwn  that,  among  the  factors  determining 
the  RNA  infectivity  level,  adsorption  time  of  the  RNA  on  cells, 
the  concentration  and  duration  of  treatment  of  the  cell-  -ith 
NaCl,  and  the  addition  of  polycations  (DEAS-dextran,  prot-aine  sul¬ 
fate)  to  the  agar  overlay,  are  all  of  significant  importance.  The 
data  obtained  in  the  study  suggest  optimal  conditions  for  deter¬ 
mining  the  infectious  activity  of  the  RNA  of  the  VEE  virus]. 


^P  ncw*  infectious  RNA* 9  have  been  isolated  from  many  different  RIIA 
viruses.  These  include  a  number  qf  the  Group  A  arboviruses  (eastern  and  western 
equine  encephalomyelitis  *  Semliki  wood,  Sindbis"  and  Chikunrrunya  viruses  [3,  6, 
10,  14,  15]).  In  the  studies  referred  to,  a  number  of  different  methods  were 
used  to  detect  and  determine  the  infectious  properties  of  RNA,  and  this  diver¬ 
sity  of  technique  explains  the  inconsistency  of  tne  results  obtained.  In  the 
case  of  the  arboviruses,  infectious  RNA  was  obtained  from  the  brains  of  infect¬ 
ed  mice,  infected  cells,  and  virion  suspensions  [3,  15].  The  phenol  deproteini- 
zation  method,  in  a  great  variety  of  modifl cat Inns,  is  the  one  most  widely  used 
to  isolate  RNA.  In  a  few  studies  RNA  has  been  detected  with  tho  use  of  deter*- 
gents  [2], 

2h  the  early  studies,  titration  of  the  infectisrity  of  viral  RNA»a  was 
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realized  with  the  use  of  intracerebral  administration  of  preparations  to  new¬ 
born  nice  [3].  Very  soon,  however,  a  more  precise  ;-nu  sensitive  no  thou  of  ti¬ 
trating  X'.\  infectivity  was  devised,  using  the  plaques  formed  ur;der  the  a, par 
overlay  [  J ,  13]  of  cell  cultures.  luurc.yw.nnt  of  this 
the  line  of  increasing  titers  of  Infectious  ._.A,  hercq 
process,  various  additives  were  used — bentonite,  sodium  uocorylite,  sodium 
dodecylsulfate,  DJAE-ae'ctran,  poliomityl,  dimethyl  sulfoxide,  protamine  sul¬ 
fate,  and  some  others.  These  additives  favored  an  increase  in.  cell  permea¬ 
bility,  or  protected  the  RI-iA  from  the  distructive  action  of  ribonuciease. 


•■■thod  follcr  ‘od,  nlcr 
-s  in  the  extrretien 


Optimal  conditions  for  observing  the  infectious  properties  of  RITA  vary 
widely,  depending  on  the  properties  of  the  Venezuelan  equine  encephalcnyelitis 
(VEE)  virus,  the  form  of  the  cell  culture  used.,  and  the  conditions  of  culturin 

The  aim  of  the  present  study  was  to  determine  optimal  conditions  for 
making  clear  the  infectious  properties  of  the  RMA  of  the  ’/US  virus,  a  repre¬ 
sentative  of  the  arbovirus  Group  A. 


Materials  and  methods.  The  virus.  The  VEE  virus  used  was  ob¬ 
tained  from  the  Museum  of  Virus  Strains,  Institute  of  Virology 
imeni  Ivanovskiy,  USSR  Academy  of  Medical  Sciences.  The  virus 
went  through  up  to  30  laboratory  passages  on  chicken  embryo 
fibroblasts.  The  virus-containing  liquid  obtained  18  hours 
following  infection  of  the  monolayer  served  as  the  source  of 
RMA,  as  did  the  infected  cells  themselves.  The  viruses  were 
titrated  with  use  of  the  piaque-under-agar-overlay  method  [11]. 

Celia.  Chicken  fibroblasts,  obtained  with  trypsinizaticn  of 
TOul 7-day-old  embryos,  were  cultured  in  a  mixture  of  lactalbu- 
min  hydrosate  and  Medium  No.  199  (1:1)  with  1C$  beef  serum,  for 
2-3  days  before  formation  of  the  monolayer. 

Iaolation  of  RITA.  The  infectious  RMA  was  isolated  by  the  phanol- 
Hetergent  method.  The  extraction  process  was  as  follows:  to  the 
virus-containing  susioension  was  added  0,5‘^  of  sodium  dodecylsul¬ 
fate  and  an  equal  volume  of  freshly  distilled  phenol,  heated  to 
65°C  and  saturated  with  tris-HCl  with  a  buffer.  The  mixture  was 
agitated  for  5-7  minutes  at  65°,  then  centrifuged  at  5*000  rpm 
for  20  min.  The  surperfluous  liquid  was  removed,  and  the  extrac¬ 
tion  repeated,  this  time  without  the  addition  of  detergent.  Tie 
aqueous  phase,  following  a  second  centrifuging,  was  treated  5 -6 
times  with  a  double  volume  of  distilled  ether  to  remove  the  rem¬ 
nants  of  phenol.  The  ether  was  removed  from  the  solution  by  ni¬ 
trogen  blow-through ,  and  the  RMA  was  precipitated  by  a  2.5-volume 
of  96%  ethanol. 

RMA  from  the  infected  cells  was  isolated  by  the  same  method,  but 
with  use  of  cold  phenol. 


Determination  of  the  infectious  prone-ties  of  the  RMA.  The  ;.ethod 
of  plaques  under  agar  overlay  was  used  for  the  tit rime try  of  RMA 


Rh'A  infectivity.  Dilutions  of  the  ID  .'A  were  nr  0,5a  red  cn  0.1  M 
tris-HCl  buffer  ’./ith  1  II  IJacl,  pH  7.4-7. 5,  The  cells,  before 
infection,  were  treated  with  the  :-.r,ne  buffer  for  15  "In,  at 
roan  temperature.  To  each  culture  was  o-lced  0,2  nil  of  the 
corresponding  Rb-A  dilution.  Adsorption  of  the  latter  on  the 
cells  was  continued  for  2-5  n±n,  at  room  temperature.  Unad¬ 
sorbed  PfA  wa.3  removed,  follcving  which  the  monolayer  was 
covered  with  an  agar  overlay.  After  48  hrs.  of  incubation, 
the  monolayer  wa3  dyed  and  the  number  of  plaques  determined. 

In  the  control  tests,  the  RhA  was  treated  with  ribonuclease 
(V/orthington )  and  with  serum  immune  to  Villi  virus .  To  obtain 
the  latter,  rabbits  were  injected  intravenously  3-4  times  with 
1  ml  of  virus -containing  suspension  (10*109  BVU/ml)  at  weekly 
intervals.  The  last  injection  was  both  intravenous  and  intra- 
abdominal,  Serum  titer  in  the  hemaglutinat ion-inhibition  re¬ 
action  was  1:10,000,  and  in  the  neutralization  reaction 
1:33,000. 

Reagents .  DSAS-daxtran  ("Sigma",  U.S.A.),  protamine  sulfate 
^"Spofa",  Czechoslovakia),  trypsin  ("Difco",  U.S.A.). 


TABLE  1 


Effect  of  Processing  Time  and  NaCi  Con¬ 
centration  an  Titer  of  Infectious  RIIA 


NaCl  concen¬ 
tration  (M) 

Titer  of  infectious  RIIA.  (in  log  BVU./ial) 

Processing  time  (min.) 

5 

10 

15 

20 

25 

0.5 

1.6 

1.7 

2.0 

1.9 

1.1 

1.0 

2.3 

2.8 

3.5 

2.3 

1.7 

1.5 

2.4 

2.3 

1.5 

0.0 

0.0 

2.0 

0.0 

i 

0.0 

0.0 

0,0 

0.0 

NOTE:  Zero  entries  denote  the  absence  of  plaques,  resulting  from 
destructiin  of  cells. 


Results 


1  *  Ifre  effect  of  processing  time  and  Had  on  infectious  PJIA  titer.  It 
was  established  in  a  series  of  te3ts  that  the  usual  method  of  virus  titrimetry 
is  unsuitable  for  dete mining  the  infectious  activity  of  RiiA  preparations.  To 
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assure  permeability  of  the  cells  to  tlh'A,  the  non.ol.nyer  wa.s  treated  with  various 
concentrations  of  And,  It.  observed  font  r'ed.:  el  titers  of  "..’A  infect! vity 
appeared  following  treat  .out  of  the  colls  with  1  II  IIuCl  solution  for  15  ruin,  at 
room  temperature.  As  is  evident  from  Table  1  above,  increase  in  concentration, 
just  as  prolongation  of  cell-tJaCl  contact,  as  a  rul''  results  in  a  perceptible  re¬ 
duction  in  the  number  of  plaques.  Reduction  of  infectious  PJIA  titer  is  observed 
also  in  connection  with  use  of  a  hypotonic  AaCl  solution,  or  reduction  in  pro¬ 
cessing  time. 

2.  The  Effect  of  DTAE-dextran  and  protamine  sulfate.  As  is  well  known, 
polycations  of  the  type  of  iXIAE-dextran,  protamine  sulfate  and  poliomithine 
have  an  effect  on  the  number  and  sise  of  plaques  formed  by  infectious  RITA  under 
an  agar  overlay  [l,  2,  7,  12,  13]. 

In  the  studies  cited,  polycations  were  used  both  in  treating  the  cells  and 
far  thinning  the  RUAj  in  some  cases,  too,  they  formed  part  of  the  composition 
of  the  agar  overlay. 

In  our  own  tests,  the  effect  of  various  concentrations  of  DEAE-dextran 
on  plaque -format  ion  caused  by  infectious  R1IA  was  determined.  It  was  established 
that  ths  highest  degree  of  infectious  activity  results  from  the  addition  of  2-3 
mg/ml  of  DEAE-dextran  (Figure  1).  The  introduction  of  the  indicated  concentra¬ 
tions  of  polycation  lad  to  an  increase  in  the  number  of  plaques.  The  plaque  di¬ 
ameter  increased  perceptibly,  reaching  5-6  n  In  a  number  of  cases  (Figure  2). 


Figure  1 .  Effect  of  various  concentrations  of  DEAE-dextran 
and  protamine  sulfate  on  infectious  RNA  titer. 

The  DEAE-dextr amine  and  protamine  sulfate  in  various  con¬ 
centrations  were  added  to  the  agar  overlay,  Maximal  val¬ 
ues  cf  the  RiJA  are  taken  as  100#. 

1  -  DEAS-dextran;  2  -  protamine  sulfate.  HA  titer  (in  t) 
is  plotted  on  the  y-axis;  concentration  of  DEAE-eextran  and 
protamine  sulfate  (in  nwy'mi)  on  the  x-axis. 


Figure  2,  Plaques  formed  by  infectious  RITA  of  VH3E  virus.  On 
the  monolayer  was  imposed  0.2  ml  of  material  in  a  dilution 
of  10"1 .  After  2  hrs,  of  incubation  at  37°C,  the  monolayer 
was  dyed  and  the  number  of  plaques  counted. 


Figure  3.  Conditions  of  adsorption  of  infectious  RNA  cm  cells. 

Adsorption  was  produced  at  various  time  intervals  and  at  var¬ 
ious  temperature.  Values  of  ?iIA  obtained  with  5-minute  ad¬ 
sorption  were  taken  as  1002.  1  -  room  temperature;  2  -  37°C; 

3  -  U°C. 
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Rf'produced  from 
best  available  copy. 


Figure  4.  Sensitivity  of  infectious  RMA  and  VE2  virus  to  heating. 

Preparations  of  viru3  and  RNA  were  heated  at  56°C  for  various 
periods. 

1  -  infectious  RNAj  2  -  initial  virus 


At  the  a  ana  tine,  optimal  concentration  of  protamine  sulfate,  intro¬ 
duced  into  the  agar  overlay  in  place  of  DSAE-dextran,  was  determined.  It-  was 
found  that  with  use  of  0.3-0. 6  ng/ml  protamine  3ulf ate ;  titers  of  infectious 
RMA  approximated  the  maximal  values  (Figure  1 ) ;  however,  in  this  case  the  plaques 
were  of  smaller  diameter,  and  less  distinctly  shaped,  than  with  use  of  DEAE- 
dextran.  The  use  of  high  concentrations  of  DEAE-dextran  and  protdmine  sulfate, 
with  the  optimal  values  Indicated  above,  led  to  a  marked  lowering  of  the  in¬ 
fect  ivity  titers  of  tha  *114. 

3.  Adsorption  of  infectious  RMA.  As  distinct  from  viruses,  which  re¬ 
quire  30-60  min,  for  adsorption  on  cells,  RMA  is  absorbed  a  great  deal  more 
rapidly.  We  were  able  to  establish  in  a  series  of  experiments  that  the  highest 
"?HA  titers  are  found  foilwing  adsorption  of  the  RMA  in  the  course  of  2-3  min. 

‘M  room  temperature,  and  also  at  37°C.  In  the  case  of  adsorption  of  RMA  at 
..r’C,  no  plaque-formation  takes  place  (Figure  3).  As  is  evident  from  Figure  3 » 
when  adsorption  time  is  increased  beyond  the  optimal  length,  there  is  a  marked 
'op  In  infectivity  titers. 

4*  Action  of  rlbonuclease,  trypsin  and  immune  serum.  In  a  series  of 
>t»  we  determined  the  action  of  enzymes  and  immune  serum  on  preparations  of 
“rfec’ilcua  RMA  (Table  2).  The  initial  virus  was  used  as  a  control.  It  was 
onstrated  that  treatment  with  ribonuclease  completely  inactivates  the  in- 
lectious  properties  of  tha  RiJA,  whereas  treating  the  initial  v.  us  ,1th  ribo¬ 
nuclease  produces  cxily  a  negligible  redunction  in  infectious  capability,  or 
none  at  all. 


Fffout  of  Vr.ri.ou3  Factors  on  the  Jnfectivity  cf 
VU£  Virus  and  RMA  Preparations 


Infectivity  titers  (in  log  BVl?/ml) 

R 

H  A 

1  n 

i  t  i  a  ] 

v  i  r  u  3 

Type  of 

Eefore 

After 

Log  of  inhi¬ 

Before 

After 

Log  of  inhi¬ 

treatment 

treat¬ 

treat¬ 

bition  ( — ) 

treat¬ 

treat¬ 

bition  (— ) 

ment 

ment 

or  increase 

ment 

ment 

or  increase 

(+) 

(+) 

Ribonuclease^ 

Trypsin.2 

3.0 

3.0 

0 

3.0 

—3.0 

0 

8.1 

7.8 

8.0 

7.8 

0 

—0.3 

Immune  serunt* 

3.1 

2.9 

—0.2 

6.0 

6.0 

—2.1 

1  M  NaCl^ 

0 

3.5 

+3.5 

7.1 

7.1 

—U7 

DEAE-dextrar.5 

0 

3.5 

+3.5 

9.0 

9.0 

+0.2 

Protamine  sul- 

fat«5 

0 

3.4 

+3.4 

8.9 

8.9 

+0.1 

!RNA  and  virus  preparations  treated  with  ribonuclease  (5  tig/mL)  for  30 
min.  at  roan  temperature, 

2HHA  and  initial  virus  treated  with  txypsin  (5  jug/ml)  for  30  min,  at 
roam  temperature. 

3RNA  and  virus  preparations  treated  with  serum  (1:100,  titer  1:33 #000) 
far  1  hr,  at  room  temperature, 

^Monolayer  of  cells  treated  with  1  M  NaCl  at  roan  temperature  for  15  min, 
before  addition  of  virus. 

5 In  optimal  concentrations. 


The  serum  immune  to  VEE  virus  had  no  effect  on  plaque-formation  produced 
by  RNA  preparations j  however,  it  significantly  lowered  the  infectious  titers 
of  the  initial  virus. 

Vie  should  recall,  clso,  the  toxic  effect  which  t.;e  neutral  red  dye,  usually 
added  to  reveal  plaques  in  the  a^ar  overlay,  has  on  the  infeciivity  of  the  RKA 
preparations.  The  the  number  of  plaques  is  usually  reduced  by  a  factor  of  several 
tines,  in  comparison  with  those  found  in  the  dyed  monolayer  after  two  days  of 
incubation. 


5,  Se ri3 i txvit v  of 
Heat-resistance  i3  a  charact 
various  periods  of  ti;.o  at  b o lf J , 


:init  i  il.  virus 
eristic  fec-.tv.ro 
i-‘  ■  ct.ivit: 


:■  ^  crcrai-rtio.19  to 
A?  clivus  A,  it.' i 
.3  siv'.rtar.ce  rr-rir.s 


at.  i.'  ■  • 

of  t;.3  su'-.rtance  rrTir.s  cyvtu.-  v> 

chaared,  whereas  similar  heating  or  the  initial  virus  leads  to  protein  coo. di¬ 
lation,  thus  producing  inacciviatiou  0f  the  virus  in  2-3  minutes  of  heating 

(Figure  4), 


6 •  Stability  of  infectious  : '"/Jj  isolated  from,  various  sources,  during 
the  process  of  store-e.  iifecoiou:;  ,£  isolated  oitritir  I’rou  virus  suspensions 
or  froa  infected  cells  preserves  it-,  activity  best  when  stored  at  — 2C°C.  it 
— -tO°C,  however,  it  vri.ll  retain  its  Potency  for  7-10  days.  As  i 3  evident  from 
Table  3,  It ‘A  isolated  fron  a  virus  suspension  is  significantly  none  stable  (pre¬ 
serving  its  infect j.vity  for  4-5  ^reoi  3)  than  RHA  obtained  from  infected  cells, 
which  begins  to  become  inactivated  hy  the  end  of  the  second  week  of  storage. 


TABLE  3 


Stability  of  Infect io'is  KIA»s  of 
VEE  Virus,  in  Storage'"' 


Infectious  R  N  A 

Infectious  RNA  titer  (in  log 
BVU/ral) 

Storage  period  (weeks) 

1 

2 

3 

4 

5 

Fran  virus  suspension 

From  infected  cells 

4.0 

3.0 

3.7 

1.8 

3.5 

0,7 

3.5 

0 

2.8 

0 

^Preparations  stored  at  — 20°c, 


Discussion 


RflA  of  VEE  virus  can  be  isolated  from  various  sources  with  the  phenol- 
detergent  method.  The  RHA  preoarat i .  ns  thus  obtained  have  an  infrared  absorp¬ 
tion  spectrum  which  is  characteristic  of  the  nucleic  acids.  The  data  of  test3 
made  to  determine  RHA  sensitivity  to  various  enzjmes  a. id  to  immune  serum  (See 
Table  2)  indicate  that  the  inf activity  of  ore carat ions  obtained  as  a  result 
of  phenol  de  pr  at  e  inaz  at  i on  of  viral  particles  is  that  of  virus  RNA  and  not  that 
of  a  residual  virus. 

The  process  of  adsorption  of  if 'A  by  cells  is  an  extremely  rapid  one  which 
is  evidently  complete  after  5  min,  o:‘  contact.  The  subsequent  droo  in  RHA 
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inactivity  level  which  we  observ’d  ryy  bn  ariooci&ted  both  with  the  destructive 
action  of  riboauelease  and  with  the  cytouectrucl ive  action  of  the  1  l'.  I.'aCl  on 

the  cells, 

lost  resc-irchers  emphasise  the  necessity  of  usin'*  hypertonic  solutions 
the  process  of  titrating  infectious  REA.  Concentration  of  the  salt  and  tine  o 
application  to  th:  cells  deoend  first  of  all  up'-n  the  type  of  tissue  culture 
[5]  used,  Igaraahi  et  al.  [6],  for  example,  in  order  to  obtain  maximal  titers 
treated  cells  with  Vero  2  M  i-'gSO/+,  in  contrast  to  our  own  experiments ,  in  which 
the  optimal  concentration  was  found  to  be  1  M  (h'aCl), 

Polycations  used  to  raise  the  infectivity  of  RNA  say  act  in  v  .rious  wavs 
interacting  both  with  the  cells  and  with  the  itself.  In  the  first  instance 
they  raise  the  cell  permeability  to  the  nucleic  acids;  in  the  second,  the  REA- 
polycation  complex  which  is  formed  may,  possibly,  effectively  protect  the  nu¬ 
cleic  acid  from  the  action  of  ribonuclease. 

The  use  of  optimal  concentrations  of  D.lAE-dextran,  protamine  sulfate, 
and  a  number  of  other  polycations  has  enabled  many  researchers  to  achieve  the 
very  best  results  in  determining  the  infectious  properties  of  RI Li  viruses  [ 1 , 

2,  4,  7,  8,  9f  12],  Here  it  should  be  emphasized  that  reduction  in  infection 
titers,  which  is  observed  with  increase  in  the  concentration  of  the  polycations 
above  the  optimal,  nay  possibly  be  the  result  of  the  to*Lc  action  of  the  poly¬ 
cations  an  the  cells. 

As  indicated  by  the  data  shown  in  Table  2,  this  conclusion  is  Justified 
for  the  RIIA  of  the  VEE  virus. 

Cue  should  emphasize,  in  particular,  the  heat-resistance  of  nucleic 
acid.  It  was  shewn  in  our  tests  that  deproteinized  RIIA  is  not  inactivated 
by  temperatures  of  56°C,  whereas  the  same  temperature  will  inactivate  the 
virus,  probably  as  a  result  of  coagulation  of  proteins,  which  on  being  dis¬ 
placed  form  conglomerates  with  the  nucleic  acid,  thereby  preventing  the  possi¬ 
bility  of  the  latter  exerting  its  infective  capabilities. 
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